Individual growth and feed intake of 36 Angus, 27 Polled Hereford and 30 Holstein steers were determined from 365 to 560 kg live weight. One-half of the cattle in each breed were fed a diet based on high-moisture ear corn and the other one-half were fed a diet based on corn silage. Within each breed • diet group, half of the cattle were implanted with zeranol. Cattle fed the high-moisture ear corn diet were 8% more (P<.01) efficient than cattle fed the corn silage diet. Cattle implanted with zeranol consumed 9% more (P<.O05) dry matter and gained 15% (P<.005) faster, resulting in 5% (P<.05) less dry matter per unit gain than unimplanted cattle. Holstein steers gained 11% faster (P<.005) and consumed 8% less (P<.025) dry matter per unit gain than the average of Angus and Polled Hereford steers. Within subclass coefficients of variation were 9.9, 14.3 and 13.7 for daily dry matter intake, average daily gain and dry matter per unit gain, respectively; within subclass correlations were .50 (P<.01), .17 and -.75 (P<.01) between daily dry matter intake and average daily gain, daily dry matter intake and dry matter per unit gain and average daily gain and dry matter per unit gain. When combined with previous data that show Holsteins attain the Choice grade with less trimmable fat and equal weight of trimmed primal cuts compared with traditional beef breeds of the same live weight, these results suggest that Holstein steers are under-valued feedlot beef cattle.
Introduction
About one-fifth of the United States cow herd is made up of dairy cows. Most of these are Holsteins. Thus, the Holstein breed has the potential to contribute from 10 to 15% of the finished beef production in the United States, yet only a few authors have presented information in scientific journals (Garrett, 1971; Garciade-Sites et al., 1977; Thonney et al., 1981b) on the growth and feed efficiency of straightbred Holstein steers compared with steers of traditional beef breeds. Other reports (Dean et al., 1976; Anderson et al., 1978; Young et al., 1978; Long et al., 1979a,b) compared crossbred Holsteins, which may not be representative of the ready supply of straightbred Holsteins, with crossbred steers of other breeds or lacked feed intake data.
Variation of feed intake is one of the major factors governing efficiency of feedlot cattle. Although several authors reported individual feed intake data (Koch et al., 1963; Dean et al., 1976; Mavrogenis et al., 1978; Anderson et al., 1978; Gaskins et al., 1982; Thiessen et al., 1984; Ferrell and Jenkins, 1985) , only the cattle of Anderson et al. (1978) , who did not report variances, and Thiessen et al. (1984) were fed ad libitum. Thus, individual cattle variation of ad libitum feed intake is not well documented.
The present experiment was designed to compare growth and feed intake of Holstein steers with Angus and Polled Hereford steers and to measure variation of ad libitum feed intake of individual cattle.
Materials and Methods
Angus, Polled Hereford and Holstein steers were fed diets composed primarily of ensiled high-moisture ear corn or corn silage, either implanted :with zeranol 3 or not implanted and grown to 590 kg live weight. The experiment was conducted with two groups of cattle in two separate years. In the first year, 56 steers were aFirst number = first year; second number = second year.
distributed approximately equally among individual pens (5.3 m 2) and group pens (12 animals per 278-m 2 pen) with individual electronic feeding doors. In the second year, 37 steers were fed in individual pens. A preliminary analysis showed no effect" of housing type in the first year. Therefore, the data were analyzed with the final distribution of animals shown in table 1. Diets were formulated to include energy near the extremes of practical feedlot diets (table 2) . The high-moisture ear corn diet had a calculated TDN value of 796 g/kg dry matter; the corn silage diet contained 693 g calculated TDN per kilogram of dry matter. Each diet was sampled daily and frozen for later determination of dry matter after compositing daily samples by 14-d weigh periods.
Feed and water were available at all times. Spoiled or refused feed was weighed prior to the addition of feed to each animal's feed box each day. The first and second refused feed within a given week were sampled and frozen for later determination of dry matter. The few additional feed refusals within a week were assumed to have the same dry matter content so that consumed dry matter could be calculate& Implants containing 36 mg zeranol were administered at the start of the experiment and each 80 to 90 d thereafter, unless a steer was estimated to he within 70 d of reaching the 590 kg target weight.
Cattle Some individual steers weighed nearly 365 kg at the start of the experiment and some weighed only slightly more than 560 kg when the experiment ended. Therefore, data for each animal were interpolated to compute the number of days and amount of dry matter consumed from 365 to 560 kg live weight. First, biweekly weight was regressed on days and days 2, and the difference between the quadratic solutions at 365 and 560 kg gave the number of days fed. Second, cumulated biweekly dry matter intake was regressed on days and days 2, and the previous quadratic solutions for days were used to determine dry matter consumed between 365 and 560 kg.
The statistical model included fixed effects of diet, implant, breed and year and all firstorder interactions. The two degrees of freedom for breeds were partitioned into orthogonal contrasts to compare: 1) Angus with Polled Hereford and 2) Holstein with the average of Angus and Polled Hereford. Because there were unequal subclass numbers, the extra sum of squares method; (Harvey, 1975; Draper and Smith, 1966) was used to compute the analysis of variance. Variances of daily dry matter intake, average daily gain and dry matter per unit gain were the residual mean squares. Covariances were computed by a method outlined by Searle and Rounsaville (1974) .
Results and Discussion
On the average, cattle consumed 8.4 kg dry matter and gained .96 kg/d. The relatively slow rate of grain and high feed per unit gain reflect the heavy slaughter weight end point which was specified in order to document effect of mature size among these breeds. Previous results with Holstein and traiditional Angus steers showed that, over the weight range of the present experiment, feed per unit gain increased by 2.2 and average daily gain declined by .18 kg for each 100 kg additional live weight (Thonney et al., 1981b) . A similar effect of increasing final weight was observed in another experiment using Holstein steers (Thonney and Hogue, 1986) .
There was a significant year effect for daily dry matter intake and average daily gain but none of the 18 interactions was significant. Therefore, the effects of diet, implant and breed will be discussed separately.
Diets. There were no significant differences between diets in daily dry matter intake or average daily gain, although cattle that were fed corn silage consumed .3 kg more dry matter and gained .05 kg less weight per day than cattle fed high-moisture ear corn (table 3) . Cattle fed highmoisture ear corn consumed 8% less (P<.01) dry matter per unit gain than cattle that received corn silage. These findings agree with other published results. Cattle fed 30% corn gain and 70% corn silage by Jesse et al. (1976) consumed a nonsignificant .3 kg less dry matter and gained .21 kg less per day than cattle fed 80% corn silage and 20% corn grain. Danner et al. (1980) reported the results of three trials comparing varying levels of corn silage to corn grain. There was little difference in dry matter intake within each trial and the cattle fed corn silage gained more slowly, so they were much less efficient than cattle fed corn grain.
The most important result with respect to energy density of the diet in the present experiment is that there was no diet • breed interaction. Thus, although breeds were evaluated at different stages of maturity and represented divergent genetic types, the differences between diets shown in table 3 were the same for all three breeds.
Implants. Steers implanted with zeranol consumed 9% more (P<.005) dry matter and gained 15% faster (P<.005) than nonimplanted steers (table 3) . As a result, feed efficiency was 5% better (P<.05) for implanted steers. Vanderwert et al. (1985) and Mader et al. (1985) confirmed previously reported positive benefits of zeranol on growth of feedlot cattle. There was a zeranol x sex interaction in the data of Vanderwert et al. (1985) . Bulls implanted with 36 mg zeranol had a greater percentage of lipid in the rib section and greater fat thickness and consumed more feed per kilogram of gain than bulls not implanted. Late-castrated males, however, were more efficient when implanted with 36 mg zeranol and had about the same percentage of lipid and the same fat thickness whether or not they were implanted. In the present experiment, steers from all three breeds fed either diet responded to zeranol in a similar manner.
Breeds. Angus steers consumed a nonsignificant 5% more dry matter per day than Polled Hereford steers, but there was little difference in average daily gain (table 3) . Dry matter consumed per unit of gain favored Polled Hereford steers but was not significantly different between the two breeds. The Angus and Hereford cattle of Smith et al. (1976) gained at similar rates, and in that and later studies which included feed intake data from the USDA Roman L. Hruska Meat Animal Research Center (Cundiff et al., 1981 (Cundiff et al., , 1984 , the straightbred Angus and Hereford cattle were analyzed as one group. Long et al. (1979b) concluded that there was little difference in postweaning growth rate between Angus and Hereford cattle.
Although there was no significant difference between Holstein and the average of Angus and Polled Hereford in feed intake, Holstein steers consumed the most dry matter per day. Holstein steers gained 11% faster (P<.005) than the average of Angus and Polled Hereford steers, with the result that Holstein steers were more (P<.025) efficient. Holstein steers required 6% and 9% less dry matter per unit of gain than Polled Hereford and Angus steers, respectively. Thonney et al. (1981b) reported that Holstein steers gained .2 kg/d faster and required 1 kg less dry matter per kilogram of gain than traditional (small frame) Angus steers from 400 to 500 kg. The differences shown in table 3 are not as large; probably because the Angus and Polled Hereford steers had a larger potential mature size than the Angus used by Thonney et al. (1981b) .
There is disagreement about the stage of growth over which to compare breeds of varying mature size. The present experiment was designed to make the growth and feed efficiency comparisons across a logical weight range for feedlot cattle keeping in mind that 1) the Angus and Polled Hereford steers were sired by bulls with mature sizes much closer to Holstein sires than Angus and Polled Hereford bulls from a decade earlier and 2) Holstein steers deposit adequate marbling at a relatively early stage of maturity (Garcia-de-Siles et al., 1977; Nour et al., 1983a) , so they meet the current industry requirement for marbling at ac-ceptable carcass weights and with less trimmable fat.
The definition of efficiency used in this experiment was dry matter consumed per unit of live weight gain. Because Holsteins are known to have a lower dressing percentage than many other breeds (Nour et al., 1983a) , another definition of efficiency that could be considered is feed intake divided by weight of saleable carcass. Nour et al. (1983b) reported that Holstein steers fed a high grain diet contained more trimmed primal cuts at the same live weight than more muscular-appearing, traditional Angus steers; but when a high silage diet was fed, Angus contained more trimmed primal cuts at the same live weight. In either case the differences reported by Nour et al. (1983b) were small so that efficiency comparisons based on live weight appear to be valid.
Differences in percentage of Holstein, management of animals and experimental end points make comparisons with previous experiments difficult but, with a few exceptions, most publications support the present results. Dean et al. (1976) fed Holstein crossbred steers to average live weights from 66 to 115 kg heavier than Hereford crossbred steers to ensure that all cattle had adequate conformation to make the Choice grade under the USDA (1965) standards. As expected based on the results of Thonney et al. (1981b) , the Holstein crossbreds grew more slowly and less efficiently to their heavier slaughter weights. Garrett (1971) reported that Holstein steers grew more slowly and were less efficient at gaining weight than Hereford steers of approximately the same weight. These results contrast with those presented in table 3, but a reasonable explanation is that the cattle of Garrett (1971) were yearlings at the 200-to 230-kg starting weight, rather than calves. Due to their large mature size, such light yearling Holsteins would be very lean and have a much higher maintenance requirement than Herefords of the same weight. When combined with the higher maintenance requirement of higher production dairy breeds (Taylor et al., 1986) , the yearling Holstein steers of Garrett (1971) may not have consumed enough feed above maintenance to gain faster than, or as efficiently as, the Hereford steers. Garrett (1971) concluded, based on classical energetic concepts, that Holsteins required more energy for maintenance, and were less efficient at utilizing energy above maintenance, but use of weight "Ts to represent metabolic body size of animals widely different in composition is inappropriate (Graham et al., 1974; Thonney et al., 1976; Ferrell et al., 1979; Heusner, 1982) and may lead to incorrect conclusions about efficiency.
Although Taylor et al. (1986) reported that dairy breeds used about 20% more energy for maintenance than beef breeds, the better growth rate and efficiency of Holsteins shown in table 3 tend to be supported by other published reports. Anderson et al. (1978) compared groups of seven to nine calves sired by Angus, Holstein, Simmental or Chianina bulls bred to Angus or Angus x Chianina cows. There were no significant differences among the breeds in daily dry matter intake or feed efficiency, although the Angus-sired calves gained at a slower rate. In the 252-d postweaning growth study of Young et al. (1978) , the crossbred Holstein steers gained faster than steers sired by Angus, Brahman, Devon or Hereford bulls. Long et al. (1979a,b) reported the postweaning (270 to 630 d of age) growth traits for a diallel design including Angus, Brahman, Hereford, Holstein and Jersey breeds. Although feed intake data from the experiment have not yet been published, Holstein calves were the fastest gaining of the straightbreds and tended to be fastest gaining of the crossbreds. The Holstein steers of Cole et al. (1964) grew faster to 400 kg than Angus, Brahman, Brahman cross, Hereford, Jersey or Santa Gertrudis steers. Garcia-de-Siles et al. (1977) fed small groups of Hereford or Holstein steers to planned final weights of 409 (six Hereford, seven Holstein) or 500 (five Hereford, eight Holstein) kg. Holsteins had lighter actual final weights and therefore gained faster and more efficiently, but the heavier Holstein group also gained faster and more efficiently than the lighter Hereford group.
Variation. Daily dry matter intake for individual animals fed from 365 to 560 kg ranged from 3.9 kg (corn silage diet, no implant, Holstein) to 11 kg (high-moisture ear corn diet, zeranol implant, Holstein). Average daily gain ranged from .63 kg (corn silage diet, no implant, Angus) to 1.49 kg (high-moisture ear corn diet, zeranol implant, Holstein). Dry matter consumed per unit of gain ranged from 4.1 (corn silage diet, no implant, Holstein) to 12.9 (corn silage diet, zeranol implant, Angus).
Coefficients of variation (table 4) resulted from variances of .688, .020 and 1.414 for daily dry matter intake, average daily gain and Gaskins et al. (1982) 2.2 X maintenance 6.6 11.2 12.3 (Jersey x Angus bulls) (period II) 7.7 10.9 7.0 (Simmental X Angus bulls) Thiessen et al. (1984) Ad libitum intake 7.3 11.8 20.6 (25 breeds of females) Ferrell and Jenkins (1985) Ad libitum and restricted intake 5.1 10.7 24.3 (Hereford and Simmental bulls and heifers) Bailey et al. (1985) Ad libitum and 7.0 4.7 11.0 10.3 (Holstein bulls, period II) restricted intake aor notes if phenotypic correlations were not available.
bcoefficients of variation from Fort Reno data; genetic correlations from all data. dry matter consumed per unit of gain, respectively. These are similar to variances for other cattle fed in the same environment (Thonney et al., 1981a,b; Thonney and Hogue, 1986) .
Coefficients of variation from individual feed intake data published by or computed from the data of others also are shown in table 4. Except for the data of Dean et al. (1976) and Bailey et al. (1985) , the coefficients of variation are similar to those from the present experiment. Restricting feed intake by limiting eating time (Mavrogenis et al., 1978) or by limit-feeding (Ferrell and Jenkins, 1985) , reduced the variance but did not affect the standard deviation as a proportion of the mean; partly because the cattle weighed less and therefore consumed less feed. Cattle in the Bailey et al. (1985) experiment received restricted amounts of some feed components, and in that experiment the overall standard deviation was a lower proportion of the mean. Limiting feeding to evening and night (Dean et al., 1976) had little effect on feed consumption but reduced the coefficient of variation.
Phenotypic correlations between daily dry matter intake and average daily gain (P<.01), between daily dry matter intake and dry matter consumed per unit gain (P>.05) and between average daily gain and dry matter consumed per unit gain (P<.01) are shown in table 4. The genetic correlations presented by Koch et al. (1963 ) are similar to the phenotypic correlations from the present experiment (table 4) . Average daily gain was more highly correlated in absolute terms with dry matter per unit gain than was daily dry matter intake. Thus, rate of gain was a more important determinant of feed efficiency than feed intake in the ad libitum-fed steers of the present experiment, possibly because feed intake reaches a maximum in the weight range over which the cattle were fed (Thonney et al., 1981b) : The correlations reported by Mavrogenis et al. (1978) were higher between daily dry matter intake and average daily gain and between daily dry matter intake and dry matter per unit gain, but lower in absolute terms between average daily gain and dry matter per unit gain. It is unknown whether this was due to restricted feeding or to some other difference between the data of Mavrogenis et al. (1978) and the present experiment.
Conclusions
Holstein steers gained faster and more efficiently from 365 to 560 kg than Angus and Polled Hereford steers probably because Holsteins have the potential to reach larger mature size, and were therefore, leaner across the weight range of the present experiment. Kidwell and McCormick (1956) reached a similar conclusion. Thus, if the Holsteins had a greater maintenance requirement (Taylor et al., 1986) , they compensated by gaining more water and protein and less lipid. The greater mature size of Holsteins may decrease their usefulness as beef cows because of high maintenance costs, but maintenance requirements of dairy cows usually are charged to milk production. Combining the present growth and efficiency results with the fact that Holsteins deposit adequate marbling to meet industry standards at a relatively early stage of growth (Nour et al., 1983a) and contain the same weight of trimmed primal cuts in the live weight (Nour et al., 1983b) , Holstein steers are under-valued feedlot beef cattle. Their dual-purpose value must be emphasized, especially in international trade with countries that can not afford to have both specialized beef and dairy herds.
Phenotypic variances and covariances can be computed from the means, coefficients of variation, and correlations reported in the present paper for feed intake and efficiency of individually fed cattle. They differ slightly from previously published values in experiments where feed intake was restricted and provide additional estimates for systems analysts who wish to develop and(or) validate stochastic models of feedlot cattle growth.
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